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[Name of Document] Specification 

[Title of the Invention] Method for Fabricating Nitride Semiconductor 

Device 

[Claims] 

[Claim 1] A method for fabricating a nitride semiconductor device in which nitride 
semiconductor layers are laminated on a substrate, characterized by comprising the step 
of, between any steps of respectively laminating nitride semiconductor layers, changing 
a growth ambient pressure from a first growth ambient pressure to a second growth 
ambient pressure. 

[Claim 2] A method for fabricating a nitride semiconductor device according to Claim 1, 
wherein the first growth ambient pressure is a pressure lower than the atmospheric 
pressure and the second growth ambient pressure is a pressure higher than the 
atmospheric pressure, or the second growth ambient pressure is a pressure higher than 
the atmospheric pressure and the second growth ambient pressure is a pressure lower 
than the atmospheric pressure. 

[Claim 3] A method for fabricating a nitride semiconductor device according to Claim 2, 
wherein a nitride semiconductor layer grown under the pressure higher than the 
atmospheric pressure includes In. 

[Claim 4] A method for fabricating a nitride semiconductor device according to Claim 2, 
wherein a nitride semiconductor layer grown under the pressure lower than the 
atmospheric pressure includes at least Al or Mg. 

[Claim 5] A method for fabricating a nitride semiconductor device according to any one 
of Claims 1 to 3, wherein an active region serves as an active layer of a semiconductor 
light emitting device and composed of a quantum well. 

[Claim 6] A method for fabricating a nitride semiconductor device in which nitride 
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semiconductor layers are laminated on a substrate, characterized by comprising the 
steps of: depositing a nitride semiconductor layer under a first ambient pressure on a 
substrate selectively masked on a nitride semiconductor layer or on a substrate 
selectively having a seed crystal of a nitride semiconductor; and depositing a nitride 
semiconductor layer under a second ambient pressure on the upper portion of the 
substrate. 

[Claim 7] A method for fabricating a nitride semiconductor device according to claim 1, 
wherein the first growth ambient pressure is a pressure lower than the atmospheric 
pressure. 

[Claim 8] A method for fabricating a nitride semiconductor device according to Claim 4, 
characterized by further comprising the steps of: depositing a nitride semiconductor 
layer at a first temperature on a substrate selectively masked on a nitride semiconductor 
layer or on a substrate selectively having a seed crystal of a nitride semiconductor; and 
depositing a nitride semiconductor layer at a second temperature on the upper portion of 
the substrate. 

[Claim 9] A method for fabricating a nitride semiconductor device according to Claim 6, 
wherein the second temperature is set higher than the first temperature. 
[Claim 10] A method for fabricating a nitride semiconductor device according to Claim 
6, wherein the nitride semiconductor layer deposited on the substrate selectively having 
a seed crystal is made from AlGaN (1>A1>0). 

[Technical Field That the Invention Belongs to] 

The present invention relates to a GaN-based semiconductor light emitting 
device such as a semiconductor laser expected to be applied to the filed of optical 
information processing, and a method for fabricating the same. 
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[Prior Art] 

Recently, a nitride semiconductor including nitride (N) as a group V element is 
regarded as a promising material for a short-wavelength light emitting device because of 
its large energy gap In particular, a gallium nitride-based compound semiconductor 
(gallium nitride-based semiconductor: Al x Ga y In z N, wherein 0 ^ x, y, z ^ 1 and x + 
y + z = 1) has been earnestly studied and developed, resulting in realizing a practical 
blue or green light emitting diode (LED) device. Furthermore, in accordance with 
capacity increase of an optical disk unit, a semiconductor laser diode lasing at a 
wavelength of approximately 400 nm is earnestly desired, and a semiconductor laser 
diode using a GaN-based semiconductor is focused and to be practically used. 

FIG. 8 shows the sectional structure of a conventional GaN-based 
semiconductor laser diode showing laser action. The conventional semiconductor 
laser diode includes a buffer layer 802 of GaN, an n-type layer 803 of n-type GaN, a 
first cladding layer 804 of n-type Alo.07Gao.93N, a first light guiding layer 805 of n-type 
GaN, a multiple quantum well active layer 806 including Gai-Jn x N/Gai. y In y N (wherein 
0<y<x<l), a second light guiding layer 807 of P-type GaN, a second cladding layer 
808 of p-type Alo.07Gao.93N and a contact layer 809 of p-type GaN successively formed 
on a substrate 801 of sapphire by metal organic vapor phase epitaxial growth (MOVPE). 
A ridge stripe 810 with a width of approximately 3 through 10 /^mis formed on the 
contact layer 809 of p-type GaN, and then, both sides thereof are buried with an 
insulating film 811. Then, a p-side electrode 812 of, for example, Ni/Au is formed on 
the ridge 810 and the insulating film 811, and an n-side electrode 813 of, for example, 
Ti/Al is formed on the surface of the exposed portion of the etched n-type layer 803 of 
n-type GaN. In the semiconductor laser diode having the aforementioned structure, 
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when a voltage is applied to the p-side electrode 812 with the n-side electrode 813 
grounded, holes are introduced from the p-side electrode 812 and electrons are 
introduced from the n-side electrode 813 into the multiple quantum well active layer 
806. As a result, optical gain is generated within the multiple quantum well active 
layer 806, so as to show laser action at a wavelength of approximately 400 nm. The 
wavelength of the laser action depends upon the composition ratios x and y or the 
thicknesses of the Gai.Jn x N/Gai. y In y N thin film included in the multiple quantum well 
active layer 806. At present, the semiconductor laser diode having this structure has 
been developed to show continuous laser action at room temperature or more. 

It is reported that, in growing a semiconductor of GalnN, nitrogen is preferably 
used as a carrier gas with the growth temperature for the semiconductor set to 
approximately 800°C (Applied Physics Letters, Vol. 59, p. 2251, 1991). On the other 
hand, it is also general that cladding layers of Alo.07Gao.93N and light guiding layers of 
GaN are preferably grown at a growth temperature of 1000°C or more with hydrogen 
used as a carrier gas. The fabrication processes for these semiconductor layers are 
disclosed in, for example, Japanese Laid-Open Patent Publication No. 6-196757 or 6- 
177423. First, with hydrogen introduced onto a substrate 801 of sapphire, the substrate 
301 is subjected to a heat treatment at a temperature of approximately 1050°C. Then, 
after lowering the substrate temperature to approximately 510°C, ammonia (NH 3 ) and 
trimethylgallium (TMG) are introduced onto the substrate 801, so as to grow a buffer 
layer 802 of GaN. After growing the buffer layer 802, the introduction of TMG is 
stopped, the substrate temperature is increased to approximately 1030°C, and TMG and 
monosilane (SiH 4 ) are introduced onto the substrate 801 with hydrogen used as a carrier 
gas, thereby successively growing an n-type layer of GaN and an n-type layer of n-type 
AlGaN, whereas trimethylaluminum (TMA) or TMG is introduced as a group III 
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material gas in growing the AlGaN layer. Next, the introduction of the material gases 
is stopped, the substrate temperature is lowered to approximately 800°C, and the carrier 
gas is changed to nitrogen. Subsequently, trimethylindium (TMI) and TMG are 
introduced onto the substrate 801 as the group III material gases, thereby growing a Gai_ 
x In x N/Gai, y In y N thin film (multiple quantum well active layer 706). After glowing the 
multiple quantum well active layer 806, the introduction of the group III material gases 
is stopped, the substrate temperature is increased again to approximately 1020°C, and 
TMG, TMA and cyclopentadienylmagnesium (Cp 2 Mg) and the like are introduced onto 
the substrate 801, thereby successively growing a p-type AlGaN layer and a p-type GaN 
layer. As a protection film in increasing the temperature to 1020°C after growing the 
Gai. x In x N/Gai_ y In y N thin film, a layer of GaN may be formed according to the 
description of Japanese Laid-Open Patent Publication No. 9-186363 or a layer of 
Al0.2Gao.sN may be formed according to description of, for example, Japanese Journal 
of Applied Physics (Vol. 35, p. L74, 1996). In general, the vapor phase epitaxial 
growth is conducted in an atmosphere of reduced pressure lower than the atmospheric 
pressure, the atmospheric pressure or increased pressure of approximately 1 through 1.5 
atm. 

A technique to suppress defects from occurring on an interface between a 
substrate and GaN by growing GaN on a substrate of sapphire by selective growth or 
the like is recently tried. It is reported with respect to this technique that GaN with a 
flat face and high crystal quality can be obtained by conducting vapor phase epitaxial 
growth under reduced pressure in particular. 

[Problems that the Invention is to Solve] 

As a characteristic of growth of a semiconductor of this kind of material, 
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different carrier gases are used in growing a layer including In, namely, the multiple 
quantum well active layer 806, and layers not including indium (GaN, AlGaN) and the 
like. In general, nitrogen is used for growing the former layer and hydrogen is used 
for growing the latter layers. Accordingly, in the fabrication of a semiconductor laser 
diode, particularly in forming a multilayer structure, it is necessary to change the carrier 
gas in the middle of the fabrication. Also, the substrate temperature is changed at the 
same time. In changing the carrier gas, the introduction of the group III material gases 
is stopped, and the wafer is placed in an equilibrium state where no crystal grows. 
However, the grown semiconductor layer is exposed to a high temperature of 
approximately 1000°C or reduced pressure lower than 1 atm while the substrate is 
placed in the equilibrium state. As a result, there arises a problem that constituent 
elements are released (re-evaporated) from the grown layer. In particular, quality 
degradation of n-GaN and n- AlGaN (composition ratio of Al is 0.1 in Japanese Laid- 
Open Patent Publication No. 6-196757 and 6-177423) formed below the multiple 
quantum well active layer 806 before growing leads to quality degradation of the 
multiple quantum well active layer 706. This degradation results in lowering the 
luminous efficiency and increasing a threshold current of the resultant light emitting 
diode or semiconductor laser diode. 

Furthermore, when a nitride semiconductor is grown under increased pressure 
exceeding the atmospheric pressure in the vapor phase growth, the concentration of 
material gases is so increased that vapor phase reactions of NH 3 with TMA and Cp 2 Mg 
are caused. Accordingly, the material gases cannot be efficiently supplied onto the 
substrate, resulting in extremely lowering the growth rate or preventing Mg, that is, the 
p-type dopant, from being introduced. Furthermore, when the flow amount of a carrier 
gas for carrying the material gases is increased to accelerate the flow rate for solving 
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this problem, the amount of gases flowing through a reaction tube is so large that 
vortexes and convections are caused in the air flow within the reaction tube. As a 
result, the crystal cannot be grown under stable conditions. 

In consideration of the aforementioned conventional problems, an object of the 
invention is to provide a nitride semiconductor device having excellent characteristics 
by improving the crystal quality, particularly the crystal quality of an active region and 
the vicinity of a nitride semiconductor device and reducing defects thereof, and 
particularly to enable improvement of the luminous efficiency of a light emitting diode. 

[Means of Solving the Problem] 

In a method for fabricating a nitride semiconductor device according to the 
present invention in which nitride semiconductor layers are laminated on a substrate, is 
characterized by comprising the step of, between any steps of respectively laminating 
nitride semiconductor layers, changing a growth ambient pressure from a first growth 
ambient pressure to a second growth ambient pressure. Optimal growth ambient 
pressures can be set in accordance with the growth of the respective layers, so that 
crystal dislocations can be reduced, the nitride semiconductor layers can be efficiently 
doped, and a semiconductor crystal of an active layer can be improved in the quality. 
Especially, when the active layer including at least In is grown under increased pressure 
higher than the atmospheric pressure and the other layers are grown under reduced 
pressure lower than the atmospheric pressure, an intermediate reaction in a vapor phase 
between materials can be suppressed without increasing the flow rates of material gases, 
resulting in efficient and stable crystal growth in structure of a nitride semiconductor 
device. 

Further, a method for fabricating a nitride semiconductor device according to 
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the present invention is characterized by including the steps of: depositing an active 
layer including In and a nitride semiconductor layer not including In under a first 
ambient pressure; and changing the first growth ambient pressure to a second ambient 
pressure after depositing the nitride semiconductor layer not including In. 

Further, a method for fabricating a nitride semiconductor device according to 
the present invention is characterized by including the steps of: depositing a nitride 
semiconductor layer under a first ambient pressure on a substrate selectively masked on 
a nitride semiconductor layer or on a substrate selectively having a seed crystal of a 
nitride semiconductor; and depositing a nitride semiconductor layer under a second 
ambient pressure on the upper portion of the substrate. Especially, when the nitride 
semiconductor layer is grown under reduced pressure lower than the atmospheric 
pressure as the first ambient pressure, the nitride semiconductor layer is grown 
particularly in the lateral direction so that the nitride semiconductor layer with a flat 
face is formed on the mask and over the entirety of the substrate together. Further, 
appropriate change of the second ambient pressure from the reduced pressure to 
increased pressure higher than the atmospheric pressure enables formation of a high 
quality nitride semiconductor device on an underlying nitride semiconductor layer 
having few defects. 

Moreover, a method for fabricating a nitride semiconductor device according to 
the present invention is characterized by including the steps of: depositing a nitride 
semiconductor layer at a first growth temperature on a substrate selectively masked on a 
nitride semiconductor layer or on a substrate selectively having a seed crystal of a 
nitride semiconductor, and depositing a nitride semiconductor layer at a second growth 
temperature on the upper portion of the substrate. 

Particularly, when the second temperature is set higher than the first 



8 



temperature, a high-quality nitride semiconductor device with improved crystal 
orientation can be formed on a flat underlying nitride semiconductor layer having fewer 
defects. 

[Embodiment of the Invention] 

Hereinafter, embodiments of the present invention will be described in detail 
with reference to accompanying drawings. The fabrication method according to the 
present invention is not limited to a method for growing a nitride semiconductor by 
metal organic vapor phase epitxty (MOVPE) and is applicable to any methods ever 
proposed for growing a nitride semiconductor layer such as a hydride vapor phase 
epitaxial growth (H-VPE), molecular beam epitaxial growth (MBE), and the like. 
(Working Example 1) 

FIG. 1 is each sectional view for showing procedures in a method for 
fabricating a GaN-based semiconductor laser diode of Working Example 1. 

First, as is shown in FIG. 1(a), with a growth temperature set to approximately 
500°C, TMG and NH 3 are introduced onto a substrate 101 of sapphire by MOVPE, so as 
to form a buffer layer 102. Then, after the substrate temperature is increased to 
approximately 1020°C, TMG, SiH 4 , TMA and the like are introduced so as to 
successively grow a contact layer 103 of n-type GaN, a cladding layer 104 of n-type 
Alo.1Gao.9N, a light guiding layer 105 of n-type GaN and a n-type layer 106 of n-type 
Al0.2Gao.gN. In this case, hydrogen is mainly used as a carrier gas and a growth 
ambient pressure is set to approximately 300 Torr (approximately 0.4 atm). Next, the 
introduction of the group III material gases is stopped, the growth ambient pressure is 
changed to increased pressure of approximately 840 Torr, the growth temperature is 
lowered to approximately 780°C and the carrier gas is changed to nitrogen Then, as is 
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shown in FIG. 2(b), TMG and SiH 4 are introduced, so as to grow a n-type layer 107 of 
n-type GaN and TMI and TMG are introduced, so as to grow an active layer 108. 
After growing the active layer 108, as is shown in FIG. 1(c), TMG, TMA and Cp 2 Mg 
and the like are introduced while increasing the growth temperature to approximately 
1020°C, so as to grow an evaporation suppressing layer 109 of p-type AlGaN for 
suppressing evaporation in the active layer. Thereafter, the introduction of the group 
III material gases is stopped and the growth ambient pressure is set again to reduced 
pressure of approximately 400 Torr, so as to successively grow a light guiding layer 110 
of p-type GaN, a cladding layer 111 of p-type Alo.1Gao.9N and a p-type contact layer 112 
of p-type GaN. The active layer 108 is composed of AlGalnN-based multiple 
quantum well, wherein the multiple quantum well structure is employed in this 
embodiment which includes three cycles of a well layer of Ino.09Gao.91N with a thickness 
of approximately 3 nm and a barrier layer of Inoo.1Gao.99N with a thickness of 
approximately 6 nm. Further, a dopant such as Si may be added to the active layer 108. 
The carrier gas used at 780°C may be an inert gas such as argon. In addition, the 
substrate may be made from SiC or Si instead of sapphire. 

FIG. 2 schematically shows the aforementioned pressure variable MOVPE 
system. Stainless, quartz or the like is used as a material. A group III material and a 
group V material are independently supplied and mixed immediately before a substrate. 
A sub-flow gas such as nitrogen, hydrogen or an inert gas such as argon is introduced in 
parallel with the material gases for suppressing the material gasses from blowing up 
above the substrate due to a convection or the like. The substrate is heated by a heater 
202 of an electric heater pair 201. In the exhaust system, a conductance valve 208 for 
adjusting the opening is inserted between a rotary pump 209 and a reaction pipe 206. 
In association with the operation of a pressure gauge 207, which monitors the pressure 
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of the reaction pipe 206, the conductance valve 208 adjusts the opening or the like to 
change and maintain the growth ambient pressure from reduced pressure to the 
atmospheric pressure or to increased pressure up to several atm. 

After growing the crystals, as is shown in the section of the GaN-base 
semiconductor laser diode of FIG. 3, the contact layer 112 of p-type GaN and the 
cladding layer 111 of p-type Alo.1Gao.9N are formed into a ridge stripe with a width of 
approximately 5 urn and both sides thereof are buried with Si0 2 301. Thereafter, a p- 
side electrode 302 is formed on the contact layer 112 of p-type GaN. An n-side 
electrode 303 is also formed on the surface of the exposed portion of the etched contact 
layer 103 of n-type GaN. In the present device, when a voltage is applied between the 
n-side electrode 303 and the p-side electrode 302, holes and electrons are injected 
respectively from the p-side electrode 302 and the n-side electrode 303 into the active 
layer 108, so as to generate optical gain within the active layer 108, resulting in showing 
laser action at a wavelength of approximately 405 nm. 

The effectiveness of the pressure variable MOVPE system will be explained 

next. 

FIG. 4(a) shows the relationship between the growth rate of AlGaN and the 
growth ambient pressure. It is found that, the growth rate is extremely lowered as the 
growth ambient pressure increases. As well, as is shown in FIG. 4(b), it is also found 
that Mg is captured and the concentration thereof is largely lowered as the growth 
ambient pressure increases according to the dependency of the growth ambient pressure 
on the concentration of Mg in p-type GaN. This is probably because the probability of 
collision between the materials is increased in a vapor phase when the growth ambient 
pressure is high, and in particular, an intermediate reaction is caused between TMA and 
NH 3 or between Cp 2 Mg and NH 3 , so that the materials cannot be efficiently supplied 
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onto the substrate. The dependency of concentration of Mg in AlGaN on the growth 
ambient pressure is shown in FIG. 4(c). It is found that Mg is captured and the 
concentration thereof is more largely lowered as the growth ambient pressure increases 
than that in GaN. Accordingly, it is understood that reduced pressure lower than the 
atmospheric pressure is effective for growing p-type AlGaN. 

On the other hand, it is considered that an AlInGaN-based semiconductor is 
efficiently grown at a low temperature or under high growth ambient pressure for 
suppressing evaporation because InN has such a high vapor pressure that it is necessary 
to suppress defects due to release of nitrogen. Accordingly, an AlInGaN-based 
semiconductor is conventionally generally grown by atmospheric MOVPE conducted 
under the atmospheric pressure and is sometimes grown by increased pressure MOVPE. 
In the conventional atmospheric MOVPE and the increased pressure MOVPE, however, 
the growth ambient pressure is always set to a fixed value, and there has been no 
disclosure of a growth method in which high crystal quality is maintained in an 
AlInGaN-based active layer and the growth ambient pressure is changed in growing p- 
type GaN and p-type AlGaN for suppressing the vapor phase intermediate reaction as 
described above. 

Now, in order to suppress the intermediate reaction under increased pressure of 
approximately 840 Torr, a semiconductor layer is grown for the purpose of reducing the 
probability of collision between the materials by lowering the concentrations of the 
material gases under the condition that the flow rate of hydrogen or nitrogen serving as 
a carrier gas for a group III material is increased. As is shown in FIG. 5, when the 
total flow rate is approximately 40 slm and a vapor phase intermediate reaction occurs, 
the growth rate of GaN is substantially constant and stable through repeated growth. 
In contrast, when the total flow rate exceeds 40 slm, the flow rate is so high that the 
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growth rate is lowered because the efficiency of thermal decomposition of the materials 
is lowered or that the air flow is unstably changed due to vortexes or a small amount of 
reaction product generated therein. As a result, the growth rate becomes more and 
more unstable through repeated growth. 

Therefore, when the pressure variable MOVPE is employed as in the present 
invention, an active layer including In is grown under increased pressure, so as to 
reduce defects resulting from holes from which nitrogen has been released, and the 
layers other than the active layer is grown under reduced pressure, so as to suppress the 
vapor phase intermediate reaction. As a result, crystals of the nitride semiconductor 
device can be stably and highly efficiently grown. 

After the In-based active layer is grown and before the guiding layer of p-type 
GaN and the cladding layer of p-type AlGaN are grown under reduced pressure at a 
temperature higher than that for the active layer, p-type AlGaN is grown under the same 
pressure as that for growing the active layer while increasing the temperature higher 
than the growth temperature for the active layer. This is because it is necessary to 
prevent the quality degradation through decomposition of InN in the active layer during 
the temperature increase. When the growth rate is sufficiently small, for example, 
approximately 1 nm/min., Mg-doped p-type AlGaN can be grown which can function as 
an evaporation suppressing layer against the active layer. When the active layer 
including In is entirely covered with p-type AlGaN, the active layer can be free from 
damage even if the growth ambient pressure is changed from the increased pressure to 
reduced pressure and the carrier gas seed is changed from nitrogen to hydrogen. 

The semiconductor laser diode thus fabricated by this method of the present 
invention has a threshold current of approximately 1/2 as small as that of a conventional 
laser diode. 
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Although the active layer is grown under increased pressure and the 
semiconductor layers other than the active layer are grown under reduced pressure in 
this invention, the semiconductor layers other than the p-type layer of p-type GaN and a 
p-type layer of p-type AlGaN may be grown under pressure equivalent to or higher than 
the atmospheric pressure. This is because the vapor phase intermediate reaction is 
substantially negligible. Furthermore, in changing the growth ambient pressure, there 
is no need to always stop the growth as in the present working exmaple but a 
subsequent layer may be continuously grown by lowering the growth rate by, for 
example, reducing the supply amount of the group III material. 

Furthermore, although the method for fabricating a GaN-based semiconductor 
laser diode is described in this invention, the method is also very effective in growing an 
active region of a light emitting diode device or an electronic device. The luminous 
efficiency can be improved in a light emitting diode device, and the mobility of carriers 
can be largely increased in an electronic device. 

(Working Example 2) 

In Working Example 1, in order to improve the crystal quality of an active 
layer and suppress vapor phase intermediate reaction between materials, the method is 
described in which the growth ambient pressure is changed during the growth of the 
vicinity of the active layer. Herein, another method for improving the quality of the 
active layer will be described. 

As is shown in FIG. 6, a ridge stripe 602 of GaN is selectively formed on a 
substrate 601 of sapphire and a n-type layer 603 of n-type AlGaN and a cladding layer 
604 of n-type AlGaN are formed using the ridge stripe 602 as a seed crystal. The 
crystal growth by MOVPE and materials used herein are the same as those in Working 
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Emxaple 1. Wherein, the growth ambient pressure is set to reduced pressure of 
approximately 100 Torr and the growth temperature for the n-type layer 603 of n-type 
AlGaN and the cladding layer 604 of n-type AlGaN are respectively set to 
approximately 950°C and 1050°C. It is verified by an experiment that when the layer 
603 of AlGaN is grown using the ridge stripe as a seed crystal, it is effective in 
uniformly growing the layer in the lateral direction (parallel to the surface of the 
substrate) from the seed crystal to set the growth temperature low for collecting the 
material around the seed on the substrate while setting the growth ambient pressure to 
reduced pressure (approximately 400 Torr) for suppressing collision between materials. 
Further, since the layer of AlGaN grown at the low temperature is poor in the 
crystallinity such as the C-axis orientation, the crystallinity of n-type layer of n-type 
AlGaN can be improved when the cladding layer 604 of n-type AlGaN is grown at a 
growth temperature higher than that for the layer of AlGaN by approximately 100°C. 

The surface is etched using an etchant including phosphoric acid/sulfuric acid 
and the etch pit density of the etched surface is observed. Thus, it is confirmed that 
defects in the entirety of the etched surface portion is reduced by approximately two 
figures as compared with that in the n-type AlGaN grown on the sapphire by a 
conventional method. Although the substrate is made from sapphire in this inveniton, 
the substrate may be made from SiC or Si instead of sapphire. In addition, the ridge 
strip of GaN may include Al or In because it can serve as a seed crystal of the layer of 
AlGaN 

Next, similar to Working Exmaple 1, sequentially formed are a guiding layer 
605 of n-type GaN, a multiple quantum well active layer 606 of InGaN/InGaN, an 
evaporation suppressing layer 607 of p-type AlGaN, a guiding layer 608 of p-type GaN, 
a cladding layer 609 of p-type AlGaN and a contact layer 610 of p-type GaN. Then, the 
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p-type layers are formed into a ridge and current pinch is performed using an insulating 
film 613. Finally, an anode 611 and a cathode 612 are formed. The growth ambient 
pressure is changed, as in Working Example 1, immediately before growing the 
InGaN/InGaN multiple quantum well active layer 606, to approximately 840 Torr, then 
is changed again to reduced pressure of approximately 400 Torr after growing the 
evaporation suppressing layer 607 of p-type AlGaN 

The present Working Example describes the case where the active layer is 
grown under increased pressure and the other layers are grown under reduced pressure. 
However, the layers other than p-type GaN and p-type AlGaN may be grown under a 
pressure equivalent to or higher than the atmospheric pressure as in Working Example 1 

As in the present invention, the change in growth ambient pressure between 
reduced pressure and increased pressure results in fabrication of a high-quality InGaN- 
based multiple quantum well on a cladding layer of n-type AlGaN having less defect 
density and in efficient and stable growth of p-type AlGaN and p-type GaN layers by 
suppressing the vapor phase intermediate reaction. 

In the semiconductor laser diode thus fabricated under increased pressure 
according to the fabrication method of present invention, the threshold current thereof 
can be reduced to approximately 1/2. Furthermore, the present laser diode can be 
continuously operated at room temperature for more than 10000 hours, and it is thus 
confirmed that the life can be remarkably improved. 

Although the present invention exemplifies a GaN-based semiconductor laser 
diode, the present invention is, of course, very effective in growing an active region of a 
light emitting diode device, an electronic device and the like. The luminous efficiency 
can be improved in a light emitting diode device, and the mobility of carries in an active 
layer can be largely increased in an electronic device. 
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[Effects of the Invention] 

As described above, in the method for fabricating a nitride semiconductor 
device according to the present invention, since the active layer including In and the 
layers including Al and Mg are respectively deposited under increased pressure and 
reduced pressure, the crystal quality of the active layer is remarkably improved and the 
vapor phase intermediate reaction, which invites lowering of material efficiency and 
unstable growth rate in growing p-type layers, is suppressed, resulting in improvement 
in device characteristic of a light emitting diode device, a semiconductor laser diode, 
and the like. 

In addition, in the method of fabricating a nitride semiconductor device 
according to the present invention, selective growth is performed by changing the 
growth ambient pressure between reduced pressure and increased pressure while using a 
substrate having a ridge stripe of GaN, so that a high-quality active layer including In 
can be formed on the layer of AlGaN having few defects. Thus, the device 
characteristics of a light emitting diode device, a semiconductor laser diode and the like 
are improved. 

[Brief Description of the Drawings] 

FIG. 1 cross-sectional views for showing procedures in a method for 

fabricating a GaN-based semiconductor laser diode according to Working Exmaple 1 of 
the present invention; 

FIG. 2 a schematic view of a MOVPE system used in Working Exmaples 1 

and 2 of the present invention; 

FIG. 3 a cross-sectional view for showing a GaN-based semiconductor laser 
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diode of Working Example 1 of the present invention; 

FIG. 4 graphs showing the effect obtained by changing growth ambient 

pressure in Working Examples 1 and 2 of the present invention; 

FIG. 5 a graph showing the relationship between the total flow rate and the 

growth rate in Working Examples 1 and 2 of the present invention; 
FIG. 6 a cross-sectional view for showing one procedure in a method for 

fabricating a GaN-based semiconductor laser diode according to Working Exmpale 2 of 
the invention; 

FIG. 7 a cross-sectional view for showing a GaN-based semiconductor laser 

diode of Working Exmaple 1 and 2 of the present invention, and 

FIG. 8 a cross-sectional view for showing a conventional semiconductor laser 

diode having a quantum well of GaN. 

[Explanation of Reference Numerals] 

1 0 1 substrate of sapphire 

102 buffer layer 

1 03 contact layer of n-type GaN 

104 cladding layer of n-type Alo.1Gao.9N 

105 light guiding layer of n-type GaN 

106 n-type layer of n-type Al0.2Ga0.sN 

1 07 n-type layer of n-type GaN 

108 active layer 

109 evaporation suppressing layer of p-type AlGaN 

110 light guiding layer of p-type GaN 

1 1 1 cladding layer of p-type Alo.1Gao.9N 
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112 


contact layer of p-type GaN 


201 


electric heater pair 


202 


heater 


203 


substrate 


204 


susceptor 


205 


material gas supplying nozzle 


206 


reaction chamber 


207 


pressure gauge 


208 


conductance valve 


209 


rotary pump 


210 


exhaust gas processing system 


301 


Si0 2 


302 


p-side electrode 


303 


n-side electrode 


601 


substrate of sapphire 


602 


ridge strip of GaN 


603 


n-type layer of n-type AlGaN 


604 


cladding layer of n-type AlGaN 


605 


guiding layer of n-type GaN 


606 


multiple quantum well active layer of InGaN/InGaN 


6U / 


evaporation suppressing layer 01 p-iype /\io ,ioao.9^ 


608 


guiding layer of p-type GaN 


609 


cladding layer of p-type Al 0 (nGao 9.3N 


610 


contact layer of p-type GaN 


611 


anode 
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612 



cathode 



613 



insulating film 



801 



substrate of sapphire 



802 



buffer layer of GaN 



803 



n-type layer of n-type GaN 



804 first cladding layer of n-type Alo.07Gao.93N 

805 first light guiding layer of GaN 

806 multiple quantum well active layer 

807 second light guiding layer of GaN 

808 second cladding layer of p-type Alo.07Gao.93N 

809 contact layer of p-type GaN 

810 ridge stripe 

811 insulating film 

812 p-side electrode 
812 n-side electrode 
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[Name of Document] Abstract 
[Abstract] 

[Object] The device characteristics of a semiconductor light emitting diode are 
improved by suppressing quality degradation of an active layer and vapor phase 
intermediate reaction of materials in laminating a nitride semiconductor layer on a 
substrate. 

[Means of Achieving the Object] 

When nitride semiconductor layers are laminated on a substrate, the growth 
ambient pressure is changed to increased pressure higher than an atmospheric pressure 
in growing an active layer of GalnN and is changed to reduced pressure lower than the 
atmospheric pressure in growing p-type AlGaN and p-type GaN. In so doing, quality 
degradation of the active layer, which is due to defects of holes and the like, is 
suppressed and vapor phase intermediate reaction of TMA, Cp2Mg and NH 3 is 
suppressed to increase the efficiency of material supply, thereby improving crystal 
quality of the nitride semiconductor device. 
[Selected Drawing] FIG. 1 
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Fig. 1 
(a) 

104 cladding layer of n-type Alo.1Gao.9N 
106 n-type layer of n-type Al0.2Ga0.gN 

105 light guiding layer of n-type GaN 
103 contact layer of n-type GaN 

102 buffer layer 

101 substrate of sapphire 

(b) 

108 active layer 

n-type layer of n-type GaN 
(c) 

1 1 1 cladding layer of p-type Alo.1Gao.9N 

1 1 2 contact layer of p-type GaN 

1 1 0 light guiding layer of p-type GaN 

1 09 evaporation suppressing layer of p-type AlGaN 
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FIG. 2 

209 rotary pump 207 pressure gauge 

208 conductance valve 205 material gas supplying nozzle 

206 reaction chamber 
sub flow gas 
group III material 
group V material 
202 heater 204 susceptor 

201 heater pair 

210 exhaust bus processing system 203 substrate 



FIG. 3 

302 p-side electrode 

303 n-side electrode 



FIG. 4 
(a) 

growth rate of AlGaN 

pressure 

(b) 

concentration of Mg in GaN 

pressure 
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(c) 

concentration of Mg in AlGaN 



FIG. 5 

Growth rate total flow rate: 20 to 40 si m 

total flow rate: exceeding 40 slm 

number of times of growth 



FIG.6 

604 cladding layer of n-type AlGaN 

603 n-type layer of n-type AlGaN 
601 substrate of sapphire 
602 ridge stripe of GaN 
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FIG. 7 



606 multiple quantum well active layer of InGaN/InGaN 
610 contact layer of p-type GaN 
609 cladding layer of p-type Alo.07Gao.93N 
608 guiding layer of p-type GaN 
611 anode 607 evaporation suppressing layer of p-type Alo.1Gao.9N 

613 insulating film 605 guiding layer of n-type GaN 

604 cladding layer of n-type AlGaN 
612 cathode 

602 ridge strip of GaN 603 n-type layer of n-type AlGaN 

601 substrate of sapphire 



FIG. 8 

8 1 0 ridge strip 

809 contact layer of p-type GaN 

811 insulating film 808 second cladding layer of p-type AlGaN 

812 p-side electrode 807 second light guiding layer of GaN 

806 multiple quantum well active layer 
805 first light guiding layer of GaN 
804 first cladding layer of n-type AlGaN 
813 n-side electrode 
803 n-type layer of n-type GaN 
802 buffer layer of GaN 
801 substrate of sapphire 
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